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Abstract 

In this paper, we examine the effect of the gold price on the American financial 
market. In particular, we analyse the impact of gold price on dollar exchange rate 
and returns of the American banks. Methodologically, we use a unified approach 
based on multi-models not only to examine the gold price and U.S. market nexus 
but also to highlight the dynamics of such relationship over the period December 
19, 1994—June 30, 2017. We show that a long-relationship between gold price, dol- 
lar exchange rate and U.S. bank returns is well documented. As well, the behav- 
iour and dynamics of such relationship are characterized by some salient features. 
In particular, the nonlinear adjustment of gold price against the U.S. financial 
market is well documented, implying that gold price plays a substantial role in 


creating a pressure on the dollar exchange rate and U.S. banks returns. Such find- 


ings could provide interesting insights for policymakers and investors. 
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1 | INTRODUCTION 
Broadly speaking, gold plays a crucial role in worldwide 
economy and it is considered as a monetary standard. Such 
role has experienced a strong degradation during the end of 
Bretton-Woods agreements and the worldwide economies 
knew the floating exchange rate regimes. Most notably, it 
was a currency, a value reservation and has a decisive impact 
during the 21st century. As well, gold is held as a significant 
part of the central banks’ foreign reserves. Gold still remains 
a Salient issue for researchers and markets watchers given 
the equanimity of its price to the threat of “Grexit.” Such dis- 
belief has determinedly faced considerable price movements. 
Obviously, assessing gold price seems to be complex given 
the lack of suitable evaluation method. As well, over the last 
10 years, the gold market was marked by important evolu- 
tions with the introduction of gold ETFs (Exchange Traded 
Funds) and gold demand growth of emergent countries. 
Cognizant the importance of the gold market coupled 
with the consequences of its key change for investors, we 


attempt to examine the effect of gold price on the 
U.S. financial market over the period December 19, 1994- 
June 30, 2017. From methodological standpoint, we use a 
battery of models to examine and better understand such 
impact, including: Engle-Granger two-step co-integration 
approach, two-state Markov-switching model, DCC- 
FIAPARCH (1,d,1) model, ARCH and GARCH models. 
This paper is organized as follows. Section 2 reports the 
key features of gold system and some empirical studies. 
Section 3 presents the dataset and the estimation results 
of different models. Section 4 concludes. 


2 | AN OVERVIEW OF GOLD 
SYSTEM AND RELATED 
LITERATURE 


In the 19th century, the gold standard is a monetary sys- 
tem where a country's currency has a value directly 
related to gold. It establishes an automatic adjustment 
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mechanism of trade deficits between countries; a country 
with a trade surplus accumulate foreign exchange surplus 
could either keep it for future transactions or exchange it 
against gold from other central bank. The mechanism 
makes balances of payments automatically return to 
equilibrium point. The accumulation of country's gold 
reserve strengthened its currency, which, in turn, 
reduced its competitiveness (Hume, 1752). However, defi- 
cit countries could raise interest rates to curb imports 
and attract foreign capital, and avoid to ship gold to trad- 
ing partners (Chen, Lee, & You, 2014). The First World 
War prompted several European countries to suspend the 
currency convertibility. The exchange situation and espe- 
cially the currency depreciation in many countries nota- 
bly affected the situation of countries that use such 
system. As a result, over the post-war period, exchange 
rates began to fluctuate and the U.S. dollar appreciated 
sharply against floating currencies. In the 1930s, the 
increase of gold was due to the gold monetary role. 
Indeed, even though President Roosevelt took the gold 
parity of 20.67 U.S. dollar per ounce to restore the 
U.S. economy competitiveness, the Congress (1934) 
established the new gold parity at 35 dollars per ounce 
and thus devalued the dollar by 40% in 1 year 
(Harmston, 1998). In 1944, the Bretton-Woods agree- 
ments replaced the gold standard system and established 
fixed parities of currencies against the U.S. dollar (with 
gold parity of 35 U.S. dollar per ounce). Later, in 1971, 
the United States abandoned gold parity and ended the 
gold's formal role in the international monetary system 
(Chen et al, 2014). According to Shaffiee and 
Topal (2010), gold was boosted by the decline in mine 
production. This has been gradually reduced given the 
increase in production costs, an exploration decline and a 
difficulty of finding investments. Commerzbank (2015) 
reports the ongoing demand from the jewellery industry 
in Asia as well as the U.S. dollar depreciation against 
other currencies can particularly explain such phenome- 
non. Thereafter, the 2008 financial crisis and sovereign 
debt attracted a substantial demand for investment in 
gold, which is accelerated by the introduction of ETFs on 
gold. In 2009, all central banks became gold net buyers to 
strengthen the gold reserves of emerging countries such 
as China, Russia and India (World Gold Council, 2015). 
Since 2012, gold is characterized by downward trend due 
to a decline in investment demand related to increased 
real rates in the United States and anticipation of a rate 
hike by the U.S. Federal Reserve. At the end of 2014, the 
total gold amount on the earth surface was estimated at 
183,600 tons (WGC). This quantity was estimated 
because a part of gold has not been found such as hidden 
(or lost) objects (Hale, 2011). In 2013, 49% of gold stock 
was in jewellery form, 20% as savings and 17% as official 
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reserves. The overall above-ground stock of gold is worth 
approximately 7.5 trillion dollars in 2014. After the aban- 
donment of the Bretton-Woods Agreements in the early 
1970s, gold lost its monetary role, but remained a popular 
asset. 

From academic standpoint, several issues have been 
analysed by researchers. Some researchers have studied 
the gold diversification capacity by examining the rela- 
tionship between gold prices and the stock market while 
others have focused on the determinants of the gold 
prices related to the U.S. economy and monetary policies 
(currencies, interest rates and inflation). Other 
researchers rather prefer to analyse the behavioural 
aspects and efficiency of the gold market. In this context, 
Dispas and Boudghene (2011) reported that the weak 
(or negative) correlation is much sought after by rational 
investors who search for reducing the diversifiable risk of 
their portfolio. Smith (2002) indicated that if the returns 
between gold and stocks are negatively correlated, diver- 
sification can eliminate portfolio risk. The correlation 
between gold and the stock market can be measured by 
the estimation of the beta coefficient, which can in turn 
measures the market risk (i.e., systematic risk). Ghosh, 
Levin, Macmillan, and Wright (2004) analysed the rela- 
tionship between gold and S&P500 index based on the 
beta coefficient. They showed that the gold demand is 
inversely related to the successive variations of beta coef- 
ficient over time. Such results clearly indicate the gold's 
diversification capacity. Koutsoyiannis (1983) reports that 
the substitutability between gold and stock market is low. 
Harmston (1998) showed that gold returns seemed to be 
negatively correlated with the U.S. T-bill returns and 
long-term government bonds yield over the period 
1968-1996. Such findings indicate that gold has hedging 
propriety in multi-asset portfolio. By analysing the risk- 
adjusted return of a portfolio after inclusion of gold, 
Harmston (1998) displays that moving from a 100% stock 
portfolio to a portfolio with 75% stocks and 25% gold 
increases the average return while significantly reducing 
the risk. Based on a sample of data from 1991 to 2001, 
Smith (2002) showed that the short-term correlation 
between gold and U.S. stock indices (e.g., Dow-Jones S&P 
500 and NASDAQ) is small or negative. Smith (2002) also 
analysed the long-term relationship between gold and 
U.S. indices based on the co-integration analysis. The 
empirical results clearly showed that there was no long- 
run equilibrium relationship with gold. Hillier, Draper, 
and Faff (2006) displayed that gold has a greater negative 
correlation during periods of negative return and strong 
stock market volatility. According to Harmston (1998), 
including gold in a portfolio can improve its perfor- 
mance. As well, Tully and Lucey (2005) confirmed that a 
portfolio involving gold could be considered as assets 
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portfolio in which assets are weakly correlated among 
each other. Christie-David, Chaudhry, and Koch (2000) 
examined the effect of many macroeconomic announce- 
ments on the futures price of gold and interest rates over 
the period 1992-1995. They showed that the unexpected 
components news releases of macroeconomic indicators 
have a large effect on future interest rate contracts 
whereas their effect on gold returns seems to be smaller. 
So gold tends to react differently in comparison to other 
assets. 

Cai, Cheung, and Wong (2001) used very high fre- 
quency data over the period 1995-1997 to examine 
which event(s) influence on gold returns. They display 
that the 1997 Asian financial crisis and political ten- 
sions in South Africa are the most important. 
Koutsoyiannis (1983) reports that taking into account 
major international tensions such as the Soviet invasion 
of Afghanistan (1979), the Polish crisis (1980) and the 
war between Iran and Iraq (1980) significantly improves 
the explanatory model of gold price. As a result, geopo- 
litical factors exert a strong influence on gold price. 
Christie-David et al. (2000) used the monthly macroeco- 
nomic information to understand the behaviour of gold 
futures price during periods 1992-1995. They displayed 
that the unexpected component of the Consumer Price 
Index (CPI), the Producer Price Index and Utilization 
Capacity’ have a considerable influence on gold price. 
This implies that the gold futures market is sensitive to 
inflation disclosures. Lawrence (2003) reported that 
there is no significant correlation between real spot gold 
price returns and inflation fluctuations over the period 
1975-2001. The results depend on the methods used 
and periods under study. Blose (2010) showed that 
the unexpected component of inflation does not affect 
the spot price of gold over the period 1988-2008. Such 
findings are seemingly contradictory with the 
Christie-David et al. (2000)'s results due to the data 
selection.” Ghosh et al. (2004) reported that investors 
tend to hold less gold during low inflation periods. 
They also showed that lagged (3 and 6 months) 
U.S. inflation variables have a significant influence 
on gold spot price. This was attributed to the short- 
term increase in investors’ demand for gold to hedge 
against inflation. Sjaastard (2008) showed that the 
CPI of major economies (e.g., Europe, United States 
and Japan) had a slightly negative influence on the 
gold price over the period 1991-2004. More recently, 
Shaffiee and Topal (2010) reported that the correla- 
tion between inflation and gold seems to be positive, 
but low (average correlation of 9%) over the period 
1969-2008. They displayed that there is a positive cor- 
relation between oil and gold prices (about 85%) over 
the period 1968-2009. 
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Koutsoyiannis (1983) showed that gold returns are 
inversely related to U.S. interest rates movements, but 
still remain weak over the period 1980-1981. Given that 
gold was very volatile over time, the interest rates had 
only side effect as the potential capital gains on gold out- 
weighed the opportunity cost of its holding. Based on tor- 
nado analysis, Sharma, Prashar, and Saini (2015) 
indicated that interest rates (Libor) have little influence 
on gold prices. By applying a VAR model on monthly 
data over the period 1976-1990, Dooley, Isard, and Taylor 
(1995) attempted to predict fluctuations in dollar 
exchange rate against other major currencies (e.g., yen, 
pound). They showed that the parity of the dollar/other 
currencies can explain gold price. Ghosh et al. (2004) 
reported that gold can be an effective hedge against infla- 
tion. Sjaastard (2008) professed that the relationship 
between gold price and exchange rate was dominated by 
European currencies over a long period of time. How- 
ever, and since 2004, a real appreciation (or depreciation) 
of the dollar had a significant effect on god price den- 
ominated in foreign currencies. This can be due to the 
ban on owning gold by U.S. citizens (except for jewellery) 
from 1933 to 1975. Pukyhuanthong and Roll (2011) inves- 
tigated data volatilities by applying GARCH model on 
daily data from 1971 to 2009. They showed that the value 
of the Dollar, Euro, Yen and Pound has a negative but 
weak relationship with the gold price denominated in 
these respective currencies. Such results contrast with 
those of Sjaastard (2008) insofar as a single currency 
dominates the relationship between gold and exchange 
rates. Toraman, Basarir, and Bayramoglu (2011) provided 
empirical evidence supporting the results of Tully and 
Lucey (2005). That is, they indicated a significant and 
negative relationship between dollar and gold returns 
over the period 1992-2010. 

Abken (1980)? rather studied the gold market effi- 
ciency. The empirical results displayed that successive 
variations in gold price are not effectively correlated 
between them. Abken (1980) suggested that market par- 
ticipants react quickly. Therefore, the gold market 
seems to be efficient. However, Ghosh et al. (2004) 
reject the weak form of market efficiency based on 
monthly data. They showed that the delayed gold values 
have a significant influence on gold price over the 
period 1976-1999. They concluded that this predictabil- 
ity based on the delayed gold values can reflected behav- 
iour of chartist speculators. Pukyhuanthong and Roll 
(2011) confirmed that lagged exchange rate values also 
have an explanatory power on the gold spot price over 
the period 1971-2009. Therefore, the gold market is not 
semi-strong efficient as all public information are not 
immediately incorporated into the price and can gener- 
ate a higher profit. 
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3 | INFLUENCE OF GOLD PRICES 
ON THE U.S. STOCK MARKET: AN 
EMPIRICAL VALIDATION 


In this paper, we try to analyse the effect of gold price on 
the U.S. financial market. To do so, we collect the gold 
price (Or) from the World Bank and the International 
Monetary Fund, the dollar exchange rate (Dollar) and the 
overall returns of American banks (CMBI). The study 
period spans from December 19, 1994 to June 30, 2017. 
All the variables are expressed in daily frequency. The 
descriptive statistics of the data used in this study are 
reported in Table 1. 

From Table 1, the standard deviations are very small 
for all the variables. The kurtosis measures for such vari- 
ables seem to be less than three. These variables are 
therefore non-normal and are asymmetrical. Overwhelm- 
ingly, there is a negative relationship between gold price 
and dollar (—0.7). Nonetheless, a positive correlation 
between the overall returns of U.S. banks and gold price 
is well documented (0.88). We thereafter study the 
stationarity of gold price, the dollar exchange rate and 
the American banks returns based on the Philips—Perron 
test (1988). The results* from Philips and Perron test 
(1988) prove the existence of unit roots for the gold price, 
dollar and U.S. bank returns given that the Z(t)-Statistics 
are higher than the tabulated value of Mackinnon (1996) 
at 5%. After the first difference, all the variables become 
stationary and under 5% significance level which implies 
that are integrated of order one I(1). Therefore, we use 
the co-integration technique to estimate the long-term 
relationship between gold prices, the dollar exchange rate 
and U.S. bank returns based on the ordinary least squares 
(OLS) method. Such relationship can be accepted under 
the gold price's stationarity constraint. Correspondingly, 
the linear adjustment of gold price to its fundamental 
value is performed by an error correction model (ECM), 
which combines the short-and long-term equilibrium in 
the ECM estimation under OLS procedure. Table 2 


TABLE 1 Descriptive statistics for different variables 
Log(or) Log(dollar) Log(CMBI) 
Mean 6.4420 4.4566 7.3267 
Median 6.3431 4.4547 7.3385 
Maximum 7.9460 4.7283 7.9584 
Minimum 5.5342 4.2198 6.5115 
SD 0.6700 0.1246 0.3986 
Kurtosis 1.6235 2.0403 1.8693 
Skewness 0.2553 0.1503 —0.1317 
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reports the estimated results of Engle-Granger two-step 
co-integration approach. 

From Table 2, gold price has a negative and signifi- 
cant impact on the dollar exchange rate. On the other 
hand, gold price has a positive and significant effect on 
the overall U.S. banks returns. The average effect of the 
hidden variables is positive and significant. The long- 
term relationship is well documented. As expected, The 
ECM estimation provides the negative and significant 
dynamic coefficients. Hence, gold prices converge to its 
fundamental value despite the corrective mechanism is 
very weak. 

We afterwards study the nonlinear dynamics of gold 
price and the U.S. financial market based on two-state 
Markov-switching model. Table 3 reports the estimation 
results of the model. 

From Table 3, gold price has a negative and signifi- 
cant effect on the dollar exchange rate for both regimes. 
On the other hand, gold price has a positive and signifi- 
cant impact on the U.S. banks’ overall returns for both 
regimes. 

Engle and Ng (1993) proposed the so-called sign and 
size bias, which is a set of asymmetric volatility tests. 
These tests allow determining the choice of models 
(either an asymmetric model or symmetric GARCH 
model). The results reported in Table A1 (see Appendix) 
show that symmetric GARCH model residuals for dollar 
exchange rate and U.S. banks’ overall returns do not suf- 
fer from sign bias and have negative size bias. But, they 
display a positive size bias. This implies that symmetric 
GARCH model residuals for the gold price variable 
exhibit sign bias, negative size bias and positive size bias. 
The joint effect (x? (B) is statistically significant at signifi- 
cance level of 1% for all the variables, implying a 


TABLE 2 Results from Engle-Granger two-step co-integration 


approach 
Variables Coefficients  T-statistics Significance 
Constant 6.2919 43.45 0.000 
Log(Dollar) —1.9256 —78.76 0.000 
Log(CMBI) 1.1918 155.99 0.000 


Residual gold Price stationarity 


Residual Z(t)-stat —3.2836 Critical value 5% —2.861698 
Estimation of the error correction model 

Variables Coefficients T-statistics Significance 
Constant 0.0001 0.7677 0.4427 
Alog(Dollar) —0.9467 —21.7418 0.0000 
Alog(CMBI) 0.1472 2.3854 0.0171 
Residual ,ı —0.0022 —3.1624 0.0016 
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rejection of the null hypothesis of non-asymmetries. The 
overall results therefore allow estimating an asymmetric 
volatility model for these variables. 

The results of the Jarque—Bera test indicate the rejec- 
tion of the normality assumption for these variables, 
suggesting the non-linear behaviour (see Table A2 in 
Appendix). Such non-linear behaviour allows us to opt 


TABLE 3 _ Estimation results of two-state Markov-switching 
model 


First regime 


Variables Coefficients Z-statistics Significance 
Constant 9.0970 38.3546 0.000 
Log(Dollar) —1.7200 —56.4810 0.000 
Log(CMBI) 0.646671 38.6490 0.000 
Second regime 

Variables Coefficients Z-statistics Significance 
Constant 2.8379 24.9924 0.000 
Log(dollar) —0.9438 —40.7495 0.000 
Log(CMBI) 1.0954 220.3405 0.000 

The common variance 

Variables Coefficients Z-statistics Significance 
Log(sigma) —1.9378 —248.2966 0.000 
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for a long memory process. The Ljung-Box test for serial 
correlation of 10 shifts leads to reject the null hypothesis 
of autocorrelation. This does not imply that the condi- 
tional volatility of these variables is characterized by long 
memory propriety. Based on Geweke and Porter-Hudak 
(1983) test, there is no long memory feature for the abso- 
lute returns and the square returns. 

Figure 1 plots the evolution of dynamic conditional 
correlation (DCC) for all the following pairs: Log (Gold/ 
Dollar), Log (Gold/Dollar) and Log (CMBI/Dollar). At 
first glance, the cyclical fluctuations for all pairs are well 
pronounced over the period December 19, 1994-June 
30, 2017, implying no constant correlation. So, a deeper 
analysis of DCC thereafter allows capturing dynamic 
behaviour during the different phases. 

The estimation results of the DCC-FIAPARCH (1,d,1) 
model, for the logarithm of ratio of the gold price to the 
dollar exchange rate, the logarithm of ratio of the gold 
price to the U.S. banks' returns and the logarithm of ratio 
of the banks' total returns to the dollar are reported in 
Table 4. 

From Table 4, the estimated coefficient from the 
ARCH and GARCH models capture the shocks depen- 
dence and volatility persistence in the conditional vari- 
ance equations. These coefficients are statistically 
significant at significance level of 1, 5 and 10%. In the 
empirical application of ARCH (q) model, a small lag 
length indicates that the conditional volatility tends to 
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Variables Log(or/dollar) Log(or/CMBI) 
Panel A 

Rho 0.0408 0.3831 0.0493 0.5336 
Alpha 0.0023 0.0721 0.0037 0.0240 
Beta 0.6915 0.0000 0.9949 0.0000 
v 8.6281 0.0000 6.6587 0.0000 
Panel B 

Hosking(20) 342.098 1.0000 101.134 0.9527 
Hosking?(20) 529.903 1.0000 652.942 1.0000 
McLeod(20) 342.051 1.0000 101.115 0.9629 
McLeod*(20) 729327 1.0000 651.938 1.0000 


fluctuate gradually over time. Also, the number of model 
coefficient delays is very narrow and the variation in con- 
ditional volatility is symmetrical. Thus, the parameter of 
freedom degrees for T-Student (v) is significant, which 
seems to be in favour to the choice of such distribution. 
We accept the null hypothesis of serial correlation on 
standardized residuals and we therefore reject the lack of 
static precision. 


4 | CONCLUSION 

Overwhelmingly, several researchers have widely focused 
on gold's proprieties by investigating its dynamic relation- 
ship with other assets. The present paper lies to this litera- 
ture and analyses the effect of gold price on the dollar 
exchange rate and overall returns of U.S. banks over the 
period December 12, 1994 to June 30, 2017. From method- 
ological standpoint, we employ a unified approach based 
on multi-models which combines Engle-Granger two-step 
co-integration approach, two-state Markov-switching, 
DCC-FIAPARCH (1,d,1) model and ARCH and GARCH 
models. Such approach tends to examine the gold price 
and U.S. market nexus and highlight the dynamics of such 
relationship. The empirical results suggest that gold prices 
negatively affect the dollar exchange rate whereas the 
overall U.S. banks returns have been positively impacted 
by gold prices. We also show that the price evolution 
mechanism of gold market and the dynamics of relation- 
ship gold prices are characterized by salient features over 
the period December 12, 1994-June 30, 2017. In particu- 
lar, the impact of gold prices on the U.S. financial market 
seems to be nonlinear and time-varying relationships 
among different variables are well documented. 

The findings of this research seem to have interesting 
implications and can seemingly provide policymakers 
some fresh insights, considering a substantial role of the 
gold prices in creating a pressure on exchange rates and 
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TABLE 4 Estimation results of 


Log(CMBI/dollar) 
DCC-FIAPARCH (1,d,1) model 

0.0451 0.3645 
0.0073 0.0002 
0.8915 0.0000 
8.0667 0.0000 
85.5811 0.9013 
594.091 1.0000 
95.4312 0.9009 
493.385 1.0000 


stock market. Such results can be of great interest for the 
investors in terms of both risk management and 
asset allocation. They can help them apprehend portfolio 
diversification benefits and risk reductions over the bear- 
ish and bullish periods by including gold in their invest- 
ment portfolios. 
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ENDNOTES 


1 The utilization capacity measures inflation on the supply side as it 
estimates the ability and availability of manufacturing resources. 


? Christie-David et al. (2000) used future gold prices whereas Blose 
(2010) employed spot prices. Indeed, the inflation disclosures do 
not affect the spot gold price because by affecting risk-free rates, 
they have increased the gold carrying cost and have cancelled any 
speculative investment profit related to gold over the period 
(Blose, 2010). Futures prices will appreciate because they included 
the carry premium in their prices. In addition, gold futures pur- 
chases require less cash at the transaction time and therefore have 
a lower opportunity cost than buying spot gold (Blose, 2010). 


3 Abken (1980) used a linear regression in which gold price is con- 
sidered as the dependent variable and the lagged values of gold as 
an independent variable. 

4 The results are available upon request. 


° The choice of the two states is justified based on AIC and BIC 
information criteria. The results are available upon request. 
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TABLE A1 Results from tests for sign and size bias 
Variables Log(or) Log(dollar) Log(CMBI) 
Do 1.0221*** 1.2467*** 1.0653*** 
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0s —0.195*** —0.2451*** —0.3879*** 
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Note: ***, ** and * denote significance level of 1, 5 and 10%, 
respectively. 
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TABLE A2 Serial correlation and long memory tests 


Serial correlation and normality tests 


Serial correlation Normality 

LB(20) LB?(20) Q7(10) 
Log(or) 17.3458** 2,205.4129*** 3,050.04** 
Log(Dollar) 21.1225*** 3,521.0411*** 760.647* 
Log(CMBI) 34.1891*** 5,340.2118*** 414.958** 


Long memory tests: GPH test-d estimates 


Squared returns Absolute returns 


m=T°> m=T° m=T" m=T° 
Log(or) 0.4538** 0.3185** 0.5405* 0.4581* 
Log(Dollar)  0.4591*** 0.3690* 0.4782* 0.3009** 
Log(CMBI) 0.5951* 0.0580 0.5632* 0.4281** 


Note: ***, ** and * denote significance level of 1, 5 and 10%, 
respectively. 


